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By P. Schroder 



I. INTEODUCTION 



The seaplane, both before and during its take-off 
run, is a water craft. As such, it must have a sufficient 
displacement and must fulfill the well-knoirn requirements 
of longitudinal and transverse stability while afloat, 
just as any ship. Sut in addition to these it must attain 
a speed which is altogether beyond the capacity of most 
water craft. This presents no difficulty if there is 
available an extraordinarily large propelling .powerj as is 
usually the case -with small float seaplanes. If, howevar, 
we are concerned with a very large aircraft, one which is 
intended for long-distance flights, we must lift from the 
water, when taking off, just as heavy a load as possible. 
It might easily happen that the seaplane could carry its 
designed load if it were once in the air, but that it ,. 
could not reach take-off speed on the water. The problem 
then arises: What form of float is best suited to carry a 
relatively heavy load to a high speed with a given propel- 
ling power? This problem has been studied ever since 
there have been seaplanes by the comparison of the take- 
pff performance of seaplanes which have been built and by 
towing models in experimental model basins. As a result 
of this work, there are available to-day a number of prov- 
en designs. 

Nevertheless, in the design of a seaplane, one always 
meets anew the problem of determining the suitable float. 
Pbr it should be noted that the successful take-off of a 
proven seaplane is not dependent ' solely on the floats. If 
the float of a successful seaplane is assembled with an- 
other wing' cdll and power plant it may fail to take off. 



... ^ .J 

*"Der Modellschleppver such als Hilfsmittel beim Entwurf, . 
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1930, pp. 349-354, Pap.er present.ed at the Ninth Mee.tlng 
of the G-esollschaf t der Preunde und Porderer der Hamburg- 
is chen Schiffbau-Versuchsanstalt , June 11, 1930, 
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even with, the ssime poweir loading, Uoreover, the identi- 
cal^ float assemhled with the . same wing cell and power 
plant may have entirely different take-off characteristics, 
accdrdiixg to -the specifications under which the assemhly 
is made. 

These facts have not yet received the consideration 
which they dosorvo in tho study of tho tako-off phoriomona 
of seaplanes. In part this is because tho results of tests 
are as a rule not made available for publication. The 
most serious obstacle, however, is presented by the prac- 
tical difficulties encountered in carrying out tests in 
such a manner th.at they make it possible to perceive tii© 
effects of changes in the design of the airplane on the 
take-off performance. 

So far, thct .difficulties montionod havo been avoided 
in the following manner. To begin with, the design of 
the airplane, • including the float system, was prepared by 
reference to successful prototypes. Then, the float sys- 
tem was tested in an' experimental model basin, and in 
these tests the model was subjected to the conditions 
which would be imposed upon it by the proposed wing cell 
and-power plant. If the results of the towing tests were 
unsatisfactory, the form of the float was changed accord- 
ing to" Judgment until satisfactory results were obtained, 
Thig' method of itself makes it impracticable to attempt 
clianges in the design because the scope of the experimen- 
tal work for each new seaplane would thereby become infi- 
nite* 

The procedure described gives good service when it is 
a question of- obtaining a quick decision concerning a spe- 
cific design. It probably will be necessary toresort to 
this method ,in the future for the same purpose. However, 
it is aot suited to the further advancement of our task, 
which is to obtain the best take-off performance for the 
floats of large seaplanes. While being tested, tho float 
system must be subjected to the recLuiremcnts of a spocific 
airplane design, consequently, such tests do not permit 
general conclusions regarding the float system undet test. 
It is not possible, on the basis of such tests., to-pre-. . 
diet how the fleat, system would behave when assembled with 
another wing cell or power plant. It is not Oven possible 
to predi.ct tUp effect of a small change in the original 
design on tiio tako-off performance. 
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Hence, it yii'as. necessary to deverop a method of re- ' 
search which wpuld make it possihle to conduct the tests 
in such a mannier' that' they would he ' independent of "the re- 
quirements of a special airplane design. Such tests could 
be mad© "before the . completion of thf work of designing the 
aircraft and would then he just as" much an aid to the air- 
plane designer in the design of the seaplane as would the 
aerodynamic model tests, which no designer to-day would • 
forego. 

The making and evaluation of a towing test of a sea- 
plane float system, which answers the requirements just 
mentioned, is the subject of my present remarks. The ex- 
perimental data presented have been taken from the tests 
of the transoceanic airplane designed by Dr. Rumpler, ■ 
which-^ere made by the.H.S.V.A. only a short while ago. 



II, THE iiAKIlia .OP THE IIODEI TESTS JUID 
THE PHBSENTATIoir •01' THE EESUITS 



Because of practical difficulties in obtaining meas- 
urements, we cannot simulate the accelerated take-off run. 
Instead .we select a number of definite speeds smd tow the 
model at each with constant speed. The model ■ must be 
towed at each speed at several trim angles befcause the re- 
sistance in general depends very much on the angle of trim. 
Besides the speed and angle of trim, the lift which is de- 
veloped by the wat.er must also be prescribed. Then only 
does the question of resistfthce have a single meaning. 
As the load whicli mus^i .be carried by the water is strongly 
influenced by the wing cell and power plant, eveii for ai 
given definite flying weight, runs must be made at differ- 
ent loads for each speed and trim. 

In each case, besides the resistance., the trimming 
moment necessary to produce the trim angle must be measured. 
In the later compiutations these moment measurements form 
the point of departure for the determination of the trim 
position which the float system would assume under a given 
aircraft, 

Tigure 1 shows in graphic form a part of the schedule 
of t,e:sii runs for the study of the Rumpler model.. In this 
manner the model is towed at all odd angles of trim up to 
11°» "For each of the parallel abscissas indicated, we ob- 
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tain a resistance curve and a moment 'curve which corre- 
spond, 'to a given trim' angle ajrd a prescribed load, 

For example t S'lgure 2 shows the results of the re- 
sistance measurements for a trim angle of a '= 5°. 

An exainple of the moment measurements , is shown in fig- 
ure 3, ' The "reference axis for the moments shown is the 
transverse axis through the point at which the center of 
gravity is to he, according to the first design of the air- 
plane. 

The first presentation of the results is derived di- 
rectly from the p^-actide in making towing tests, ITo can 
easily derive from these curves those ro si stance and mo- 
ment curves which correspond to a given speed and a pro- 
scrihod angle of trim for any arbitrary change in the lift. 

In Figure 4 we have the resistancos, in Pi'gure 5 the 
moments in the new .presentation, measured at a = 1*^. 

The results are placed at the disposal of the air- 
plane designer, in this form two curve sheets for each trim 
angle investigated. These experimental data include all 
the properties of the float system which we need for the 
investigation of the take-off with any power plant and 
wing cellule. 

Ill, THE APPLICATION Oi" THE TEST RESULTS IN 

• THE DESIGN OP THE AIRPLANE 



1# The' Influence of the Wing Cell and Power Plant on 
the Take-Off Performance 

Por any. form of float system, even the he st imagina- 
ble, there are' limits to the take-off performance which is 
obtainable, fixed by the wing loading G-/F and the poTzer 
loading G/N of the aircraft. In thoso, G is tho gross 
weight, Y the wing area, and N tho engine horsepower. 
However, in tho investigation of the take-off, G,- I", and 
N are to bo considered as constant bocauso tlioy princi- 
pally dotermino tho flight charactori. sties, Furthormoro, 
tho wing form solocted must be dete.rm;ined from ■■the" aerody- 
namic Starid^biiit alonei ' . ' " ■ 
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- Tho arrangomont of tlio wing coll and powor plant rol- 
ativo to the float systom can. influonco tho t.ai:o-off ro- 
sistanco very, much, Tho question of which arrangemont 
would give tho "best tako-off perf ormancos which aro- possi- 
ble 'Jith tho prescrihed. float system can "bo determined ty 
moans of such toving tests as have just "been doscrihed. 
It is in this sense that model tests with the float sys- 
tem are to .he regarded as an aid in the designing of the 
seaplane. 

The effect of the wing cell and power plant on the 
float system can he expressed as a lifting force and a mo- 
ment. Changes in arrangement which will change this force 
and this moment without impairing the flight performance 
are: 

(a) Changing the distance from the step to the 
vertical through the center of gravity of the sea- 
plane. This can. be done without changing the form 

of the float system by shifting the float system lon- 
gitudinally relative to the wing cell or by shifting 
equipment and cargo longitudinally. 

(b) Changing the distance H from the center, 
of gravity to the line of thrust of the propellers. 
This can be done practically by moving equipment and 
cargo vertically or by moving the shaft s^ 

(c) Changing , the angles of inclination ' a of 
the wing chord to the C.W.L. (designed water line). 

(d) Changing the angle of inclination ^ of the 
propeller shafts to the C.W.L. 

Methods (a) and (b) are the most effective. They de- 
termine the trimming moment applied to the flds-t system 
and thieireby the trim positions which occur during the take- 
off. Methods (c) and (d) mainly change the lifting force. 
They have little inifluence on' the moment. 

In order to obtain that arrangement which will lead 
to the ,most^^f|^orable take-off resistance which is possi- 
ble with the float system being considered, and taking 
i.nto account all of the secondary requirements, the follow- 
ing method seems most suitable: For some arrangement which 
-is practicable, apoA which seems plausible when compared 
with proven constructions, the take-off performance is de- 
termined from the tests. Then each of methods (a) , (b) » 
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(c) ( aid (d) is tried to determine' in which direction a 
change must "be made to improve' the performance of the first 
design. Only when none of the practic-alile arrangements 
leads to satisfactory results is- the float system under 
consideration to "be rejected as unsuitahle for the pro- 
po.sed aircraft, and a change in the form of the float sys- 
tem to' he consider/ed. 

In this the fundamental requirement is that- 'the:' f orm 
of the float system shall he derived primarily from the 
hydro dynamic' point of view. In assemhling'ii; with, ithe 
wing bell'' dn."d power plant it is necessary to i-iisure 'by a 
Suitafble atfrahgement that the float system is working un- 
der cohdi'tions that approach as closely as pos-sihle those 
tinder which it has its minimum water resistance, 

Bo-.sides the changes in arrangement' which influence 
th-o "conditions under which the float: system must work, 
we'hsivo -in the altitud'o- controls an additi onal. important 
ai'd 'for influencing the take-off of a seaplane. The groat- 
'er' th'o speed which has "been reached, the greater the lim- 
its within which one can influence the trim Tjy pulling up 
or nosing down with the elevators. Consequently, if at 
high Speeds the position of equili'brium free to trim is 
unfavorahle , the float system can he hrought into a favor- 
able, position by using the elbvators, 

4 

Prom this we derive the following divisions for the 
investigation of the take-off characteristics of a pro- 
posed seaplane: 

1\ The most favora'ble resistance curve which 
caJi "be obtained i-n -the free-tb-trim condition by 
changes in arrangement is derived. The elevator has 
litt-le effect a*t low speeds and thi s curve' is deoi s- 
"ive for the first part of the t£ike-off . 

2\ The resistance in the free-to-trim condi- 
tion during, the second part of the' take-off will f?en- 
erally exceed the most favorable resistance of tlie 
float system by a considerable amount. Information 
as- to the' elevator movement which ii^^ required .to 
bring "the- ■f loat' "system into its best attitude is to 
be- obtained from the tests. The best attitude which 
can be attained' by suitable elevator movements is 
decisive for the course of the resistance curve- dnir*- 
" ing the second part of the- -take- of f . 
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In the past we have "been obliged to leave to the pi- 
lot the task of determining this requirement for each 
seaplane "by making a numher of trial take-offs. This is 
a thankless task, as the requirement changes with every 
change in the loading -and the distribution of this load in 
the aircraft. Furthermore, with heavily loaded seaplanes 
it is not without -danger , for' with unsuitahle trims, which 
have a high rosist&nco, - other inconveniences ' are irivolveda 
The float system shows a tendency to pitch and to leave 
the water (porpoise). In addition, the spray becomes 
heavier. the farther the float system departs from its most 
favorable trim. This can be very disagreeable in connec- 
tion with the propeller. The greater the total weight of 
the seaplane bdcomos* the more important it is to-avoid 
such dangers as far ais possible by resorting to modol 
tests. 

2'* The Determination of the Resistance Curve for 
the Take-Off Free to Trim 



The Working of a definite example is much more in- 
structive than a purely abstract discussion, so we will 
now imagine that we have been given the problem of carry- 
ing out the study of the take-off characteristics of the 
design for a transoceanic airplane proposed by Dr. Rumpler 
on the basis of model towing tests. In accordance with 
the considerations just discussed the first step is to de- 
termine the resistance for take-off free to trim under 
the conditions of the proposed design. According to this 
design it is specified that: 

Or = 115,000 kg (253,530 lb.) 

I" = 1,000 ms ( 10,764 sq.ft,) 

a = 2.5° . " 

g = 4° 

H = 1.14 m ( 3.74 ft,) 

Static thr,u.st...of .pr appealers ca. 23., 500 kg, (51,809 lb,) de- 
creasing to about 16,900 kg (37,258:1b.) at 150 km/h (93,2 
mi,/hr,). The center of gravity is 2.9 m (9,51 ft.) for- 
ward of the step and 4.75 in (15,58, ft,) above the designed 
water line (G.W.L.) . 



N^AiC.A,. Xeclmical Memorandum Uo^ ' 676 



• T'il6 model is 1/I6 full size, .The displacement of the 
model at rest is -.therefore 

- D = (} X.""3 =. 28.08 kg ..(61,91 Ih.) (l) 

in which \ = -16 . d-enotes the model, scale. The model 
speed -V correspdnds to the airplane speed 7. 

. ^ = y ^-1/2 (2^ 

The towing-carriage speed of 10 m/s (32.8 ft. /sec.) under 
the^se conditions suffices to. simulate a Speed of 144 km/h 
(89,5 mi./hr.) of the' airplane. The weight on the water 
a, which must he supported "by the water at any speed, of 
the model v, is derived from: 

a = D - e (3) 

In this, e is the air lift supplied by the wing cell 
and power plant reduced to model scale 

e = E (4) 

E consists of the wing lift Ef and a contribution 
B-t which is derived from the- thrust of the propellers: 

E = Bf + Et (5) 

The wing lift Ef is calculated from 

Bf = Ca q S", (e)- 

in which • ' 

q = i. p v2 = JL v2 kg m-2 (7) 
2 . 16 

The lift coefficient. c^ is given in the tiolar diagram 
(fig, 6) as a function of the angle of attack of the wing 
chord. This is the result of aerodynamic model tests^ 
la addition to the value of the lift coefficient c^, 
which we need to begin with, we also obtain the drag coef- 
ficient c^ for the air resistance of the seaplane. The 
angle'of the wing 6 is ' 

• ■ 6 =' a + -0 .".^08) ^ ; 

According to the specifications of the*de.sigfi", a wing-'ingle 
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of 8«5° corresponds to' a trim angle of 6°, The part of 
the lift derived from the propellers Tt^, is 

Bt = S sin r\ (9.) 

as a result of the inclination of the propeller axis at 
an angle T) to the horizontal. The angle t) is accord- 
ingly. 

•n = a + g (10) 

In this caso T] is always 4° greater than the angle of 
trim. Compared to Bf, Et is of secondary importance 
hut generally is not so small as to he negligihle* 

The results of this computation we can see in Figure 
7« The scale of ahscissa in this case is set off propor- 
tional to the squares. By this means we get a straight 
line for the weight on the water at each trim angle. Con- 
sequently, we need to carry out the calculation for only 
two speeds at each trim angle* 

We now determine the resistances and moments for 
a = With the weight on the water now known we can 

take the resistances and moments which correspond to 
a = 1° from Figures 4 and 5, 

In this manner similar resistance and moment curves 
are obtained for each trim angle investigated* These 
curves fulfill the simultaneous requirement that at every 
point 

A + E = G; (11) 

that is, the weight on the water and the lift from the 
proposed collule and propeller thrust always total tlie 
gross weight. Figures 8 and 9 give us those curves for - 
the transocoanic flying hoat of Dr* Rumplor. 

The next problem is to determine the trim angles 
which the seaplane will assume during the take-off. These 
are dependent upon the moment loads Mq which the float 
system receives from wings and tail and from propellers. 
This constraining moment Uq consists mainly of two parts 

Mq = M| + Ut (12) 

Of these is the part derived from the aerodynamic 
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forces and that from the power plant, 1,1^ ■ Is d«eter- 

mined "by aerodynamic measureiaent s and in this case it may 
"be considered as known, Just as is the polar diagram of 
the wings* Ut is computed from 

Mt = S I^. ;. / ■ ■ ■ ■ 

in which it must "be remembered that S is dependent -upon 
the speed, Por the model the imposed moment is then 

mo .= Mo X"* (14) 

The moment mo thus computed is shown in .our example as 
the cui've mo of Figure '9, The moments ' m '■• ari sing from 
the action of the water are drawn .positive when they lift 
the how; the constraining moment mg is drawn as positive 
when it depresses the "bow, so that positions of equilib- 
rium are indicated by 

m + mo = 0 (15) 

Therefore, the various points at which the curve dIq in- 
tersects the curves a = constant are such points of equi- 
librium. In Pigure 9 we can now read the vari ous • change s 
in trim angle which may be expected in a take-off free to 
trim under the conditions of the design, Figure 10 shows 
this curve. 

With this knowledge of the changes in trim we are in 
a position to determine the corresponding resistance curve 
in Figure 8, With this, the first step of our problem is 
solved. We see at once that left free to trim the sea- 
plane has a much greater' resistance at high speeds than 
at trims of from 3° to 5°. 



3, The Hesistance Curves with Elevator Control 

(at Fixed TrimsX 

. The next problem is the determination' of the resist- 
ance curves in the second part of the take-off when the 
.seaplane is pulled up to a fixed trim'i We wi'-lT', as ah 
example, -consider trimming to a = 5°, This' is -the most 
favorable trim for the design under consideration. 

First we must determine by computation whether the 
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elevator can hold the seaplane at a = 5 . A simple, aero- 
dynamic computation leads to the moment curve m' seen in 
Figure 9. The differences tetween mo and m' are the 
computed maximum moments irhich the proposed, control sur- 
faces can produce. It can he seen that the control sur-;* 
faces can hold the seaplane at a = 5° .if It has once 
reached this trim. The ordinates jn^, etc., show the mo- 
ments which are necessary for this purpose at each speed. 
Uow, let ng = the distance of the center of pressure of 
the control sujrfaces from the axis ;of moc^ents, and kg = 
the force on the control surf aces,- -.both re.duc.eid to the 
scale of the model, is known from,' jthe desi-gn and kg 

is computed from -•i^:-.-- 

The load which must Tse carried on the water is increased 
by the amount kg so that the new weight on the water ag 
is given t>y ' ■ 

ag = a + kg (17) 

With the new weight on the water, the resistance curve 
which corresponds to the weight ag is determined in the 
manner already indicated. The result of. this computation 
is shown in Figure 8, The resistance curve for a take- 
off at a fixed trim of a = 3° is found "by the same meth- 
od. The change in the moments is so small that it maj' he 
neglected. 

4. Take-off Time and Take-Off Run 

The data now obtained make it possible to compute the 
take-off time and run for the proposed design. Frankly, 
at present, several factors must be neglected in" making 
this computation, so that the result can claim only approx- 
imate accuracy. The H,S.¥.A, is investigating the effect 
of these neglected factorsi but the study is not yet com- 
pleted. 

We first compute the total water resistance accord- 
ing to Froude's law and are aware that the results are 
somewhat too great, " The error cannot be very large because 
ali practical float forms, when planing, rise so far that 
only a small fraction of the surface is wet by the water. 
The results of this computation are seen in Figure 11. 
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To., the water resistance thus comptit^di tiiie air re- 
.sista,nce 

, 1 = (cw + 6ws) q ^ . . . (18) ■• 

is tb Tse added,' The drag cbefficient c-^ ■ is taken from 
the polar diagram. The data regarding c^g, which in- - 
eludes the so-called "parasite drag," are also derived 
from aerodynamic tests', . - -■ 

The difference tetween the sum of the resi stfthoes . 
and the propellei' thrust is available fof jicceleratiftg 
the seaplane. If the reciprocal of this difference is de- 
noted hy 7* i an elementary principle of dynamics gives 
the formula for take-off time t and length of take-off 
run s, 

V V ^ 

t = J / r dV, s = ^ r d(v2) (19) . 

So ^0 

The integral can easily "be solved graphically. In our 
casei 

t = 70 sec. and s = 1,430 m (4,690 ft.) 

for a take-off in which the seaplane is left free to trim 
until it reaches 70 km/h (43.5 mi,/hr.), and then is held 
at 5°. 

5, An Example of the Investigation of Changes in Design 

have reached the objective of our investigation of 
the design uji'der consideration, and are now confronted by 
the question whether still better performances can be ob- 
tained frbm the float, system. The next step of a complete 
investigation of the take-off, according to our discussion, 
is the trial of all four change^ in design (l-II-l-a,b,c,d) 
which may be used for the purpose. To consider all four 
cases would lead to tiresome repetition. Accordingly, I 
would like to limit myself, for purposes of illustration, 
to describing in detail only the investigation of the ef- 
fect of a change in the position of the center of gravity, 

Fe. will assume that as a result of a change in the ■ 
distribution of the cargo, the center of gravity is moved 
af't 800 mm (31,5 in,) ,■ Since its original position was 
al-so j?ur axis of moments, this shift means a stern-heavy 
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moment for the model of 

mg = 28.08 X 0.8 : 16 = 1.404 m kg (10.155 It. ft.) (20) 

The previously computed moment mo, is decreased "by 
this amount as seen in Figure 9, The curve of the new - 
trim angles is obtained from this figure and is shown in 
Figure 10, The corresponding resistance curve for a take- 
off free to trim is found in Figure 8. 

For high speeds, a change in the position of the cen- 
ter of gravity is of no importance since we are then ahle 
to assume any trim by means of the elevators. Under these 
circumstances, a change in the angle of the wings relative 
to the C.W.L. is effective. As a increases, the wings 
lift a greater part of the gross weight; consequently, the 
water resistance decreases. The investigation requires a 
repetition of the whole process of analysis. Figure 12 
shows the results for an increase in the angle of the 
wings from a = 2.5° to o =^ 4,5°. The eacpected reduc- 
tion in water resistance is obtained, but the greater part 
of the gain is lost because of increased air resistance. 
We must not conclude that the investigation was fruitless, 
however. In this case the original design already lay 
very near to the most favorable proportions. That fact 
was determined by the Investigation. 



ZV. CLOSINO REMAEKS 



The take-off which we have just discussed referred to 
a take-off without wind and at a prescribed gross weight. 
It is easily possible to compute the take-off for any eith- 
er desired gross weight from the experimental results pre- 
viously discussed and according to the method of evalua- 
tion presented and also to take account of the wind. At 
this time I can only mention this fact. 

Even if it is decided to make essential changes in 
the wing cell or power plant an e stimation of the take- 
off performance is still possible without its being neces- 
sary to make new test runs. Si:^ch radical changes are, for 
example, the choice of another wing profile, another wing 
area, or the fitting of more powerful engines. 

The cost of such a comprehensive investigation is nat- 
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urally greater than that of the customary simpler proce- 
dure. But if we keep in mind that the value of the en- 
tire seaplane depends on its alaillty to take off, "because 
there eaji he no flight without take-of f , - and also consider 
that the cost of a giant seaplane runs into millions of 
marks, the cost of the research is fully justified. If we 
undertake a complete investigation of a float system, as 
is here recommended, we are assured that we will be pro-' 
tected against disagreeable surprises, which will cause 
much greater expense, if they are first encountered .on the 
finished seaplane, than a complete model test would cost, 

A shortened tedt which is limited to theruns ahso-' 
lutely necessary for the consideration of a . given, take-of f 
condition and which neglects the determination of the oth- 
er properties of the float system does not offer, this pro- 
tection to the same extent. Experience has already shown 
that in the region of maximum resistance, two different 
resistances may occur. The more stingily the research 
program is laid out, the more easily does the more unfavorr- 
able case escape observation* 

A more reliable way of preventing a costly increase 
in the scope of the tests lies in the solution of the fol- 
lowing research probleiia: Let the resistance % .and the 
trimming moment m^ of a high-" speed flying boat- with a 
load a^ 136 measured. at a speed v^ . The resistance Wg 
and moment mg for the same flying boat with a load ag 
are to be computed from these results for a corresponding 
speed. The H.S.V.A. has done this and will report soon 
on the solution of this problem.* 

In conclusion, I express to Dr. Rumpler my best 
thanks because he has' so kindly agreed to the publication 
of -the experimental data which I h^ve given and thereby 
has enabled me to enliven the presentation with actual 
test ■ result B. 
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• •. DISOUSSIOIT 



In the discussion of the prjaceding paper, OlDerTjaiirat , 
Dr. Ing, Heifbrecht , -. Berlin,., re;marlc^d: "I can only con-, 
gratulate the H«S,:V*A,- and Dr, Schroder, on this work which 
theyhave descrihed here, iiy. questions do not relate to 
the results of the teats hut to the methods used, 

" Q.uestlon 1 «- Aside from the various loadings of the 
seaplane in the initial condition, the varialiles in the 
investigation are: 

(a) speed 
("b) moment 
(c) trim 

In the work under discussion the speed and trim -were cho- 
sen as the constant quantities in the test. In our opin- 
ion it is simpler not to change the speed and moment with- 
in one test and to plot trim angles as functions of the 
moment, I "believe the consideration of the possihillty of 
affecting the speed "by means of the elevators or 'by changes 
in weight distribution is made simpler, Naturally, this is 
conditioned upon the. fitting of a trim-controlled lift, 
(One which simulates the wing lift, varying with- the angle 
of attack of the wing,r Translator.) 

"Q ,UGstion 2 ,- Is thore any hesitation ,at attempting 
the quantitative measurements of accelerated runs if dy- 
namically similar models are used? An ohstacle to. carry- 
ing out these tests up to now has been the difficulty of 
taking care of the change in wing lift on the model cor- 
responding to changing trim angles, OJhis problem has al?- 
ready heen solved hy us and I "believe also "by others, so 
that in this respect there, need he no further hesitation, 

* Qu estion 3 ,- Are there any figtires wHich compare the 
time of take-off and take-off run computed according to. 
equation (19) for modQl and full size?" 

Mr. Diener (Engineer), Friedri.chshaf eh, remarked as 
follows: ■ "-l"=>would like to add to the presentation hy. Dr, 
Schroder a point which he has not referred to in this dis- 
cussion of the balance of forces and moments on the air- 
craft while taking off. This is the moment which is de- 
veloped by the air stream of the propeller pn the flying 
surfaces. The lift of the wings is more or less strongly 
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affected Toy the slipstreF„m according to the relative posi- 
tions of propeller and wings as is also the induced angle 
of attack over that area of the wings which is swept "by 
the slipstream, . Because of this, the direction of the 
wake behind the wing is also changed and likewise, the' di- 
rection of the blast on the ' control ' surf aces , and their 
moments. It is further changed by the increase in air 
speed in* the slipstream as compared to the flying speed. 
This moment developed by the effect of the slipstream on 
the wings and control surfaces is greater" than the moment 
of the thrust about the center of gravity of the system 
and consequently cannot be neglected in working up the re- 
sults of towing tests. Unfortunately, the designer is in 
a difficult position because at present this moment gen- 
erally cannot be calculated and can bo estimated only very 
approximately from wind-tunnel tests. Consequently, this 
circumstancQ causes an undesirable uncertainty in thoap- 
pli'catioii of tank tests to largo seaplanes, 

"With regard to the question raised by the previous 
speaker concerning the agreement between the take-off per- 
formance obtained by analysis of towing tests aiid the 
take-off performance of actual airplanes, ■% might refer 
to the results on the flying boat Dornier Wal , the model 
of -which was towed last year at various trim angles in 
the manner described by the lecturer. The computation of 
the model tests for a gross load of 5,200 kg (13,669 lb.) 
gave a take-off time of 37 seconds, while the .actual meas- 
ured take-off time was about 23 seconds, showing a rela- 
tively good agreement," 

Mr, H, Herrmann (Engineer), Bremen, made the following 
remarks,;. "The lecturer has shown us how much further re- 
search methods have, developed, at the Hamburg tank in the 
last few years. He even goes so far as. to work out di- 
r-eotioas f or the pilot to follow during take-off. Of 
course, as a pilot one can abide by such directions to a 
certain .extent. But there are many considerations against 
it. According to experience, the trim angle is measured 
too large on small models, and consequently an important 
piece of fundamental data is wrong* We hnve no measure 
whatever of the magnitude. of thig error, . Oonsequentiy , . 
it appear s most adv.i sable . to .check the. whole prccedure- 
"again by take-off te.sts." . . 

In' his conclusion, Dr. Schroder replied: "Oberbaurat 
Dr, Weitbrech.t has expressed the opinion that it would be 
better to bring in the trim moment as the independent vari- 
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able instea,d' of tli8:triin angle. 'This procedure is, of 
course, to 'be preferred when we are concerned with, test- 
ing a definite seaplane' design, for which we know accu- 
rately . the moment s produced hy the wings and power plant. 
But. Engineer Diemer has also pointed out that these very . 
moments are very difficult to detormine.. .1 can only agree 
with hirn. This cir cum.stanco has hoon sottlod in ray mind 
with tho decision to choose the anglo at will and to moas- 
uro tho moments. In this mannor, tho moasuroments thorn- 
solves remain froo from unroliahlo assumptions regarding 
tho magnitude of the external momonts which are intro- 
ducod. In tho working up of tho ro suits' oh tho drawing 
hoard, according to my mothod, one can dotormino tho of- 
foct of any dosirod moment, Ono can ohtain tho samo re- 
sult if ono runs at fixed, proscribed momonts, hut cannot 
roly upon a definite variation of momont with spood and 
trim in carrying out tho tosts, Honco, tho advantage 
which tho choice of tho momonts as tho indopondont varia- 
ble should give is lost. But, if ono must carry out an 
investigation of tho same extent in both cases, I beliovo 
it moro advantageous to fix the qngle. In addition one 
must always be careful to carry out model tests with dif- 
ferent forms of floats in such a manner that they are com- 
parable with one another, Cgmparison at equal trim an- 
gles is directly apparent. It is not at equal moments, 

."The trim-controlled lift of the float is an advant- 
age only if one is investigating a specific design. In 
complete investigations of the float system, which are in- 
tended to give information concerning the take-off per- 
formance of any aircraft which may be equipped with the 
float system being studied, the measurements in general 
must not be subjected to the requirements of a particular 
aircraft, as I have established thoroughly in my lecture, 

"Por carrying out the measurements In accelerated runs 
all instruments must record automatically and work without 
lag. As yet we have no such instruments, Furthermore, 
the value of measurements in accelerated runs should not 
be over-e s timated. The manner in which the accelerating 
force varies with the speed is unknown before the run and 
consequently must be selected arbitrarily. In my opinion, 
a necessity for'busying ourselves with the new difficul- . 
ties which are found in this does not arise until it ap- 
pears that in actual fact accelerations produce serious 
changes in the resistance of planing water craft, Tho in~ 
vostigation of this question by special tests is truly 
much to be desired. 
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"The further" chocking of ths re:SVLlts of model' -t^s'-ts 
by talco~bff measurejaont s made on actual aircraft', as Sn- 
ginocr Herrmann has just pointed out, is certainly npccs- 
sary. The earlier moasuromonts of tako-off timo, unfor- 
tunately, could not bo drawn upon for" this purpose, since 
tho method of research and evaluation which has just boon 
presented has been developed but rocontly," 
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Fig. 2 



Model 802, Displacement of twin floats, D = 28.08 kg. 
X=16. Resistance curves at trim, a = 5° for various 
weigbits on water, a. 
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Model 802, Displacement of twin floats^D^ 28.08 kg. X =16 . 
Moment curves at weight on water, a= 20 kg for various trim 
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Pig. 4 Model 802. Displacement of twin floats D= 28.08 kg ,A=16 . 

Curves of resistance, W,at trim of a=l° for various weights on 
water, a . 
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Fig. 5 Model 802. Displacement of twin floats, D =28.08 kg. X = 16, 



Curves of moment, m, at trim ofa=l 
on water, a. 
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Fig, 7 R-unrpler transoceanic flying "boat. A = 16. Weight of 
model on water, a, at 6 = 2.5° aad = 4° for 
various speeds jV^ and trims, a. 
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Pig. 8 Rurapler transoceanic flyijig boat. Curves of resistance of 
■model, W, at various speeds, v, for conditions indicated. 
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Pig. 9 Rumpler transoceanic flying toat. Curves of moment of 

model, m, at various speeds, v, for conditions indicated. 
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c. Original design. 
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Fig, 10 Eumpler transoceanic flying toat. Trim angle, a, 
running free to trim, at various speeds. 
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Fig. 11 Hunrpler transoceanic flyin^l^oat. Resistances of full 
sized craft at various speeds and imder various conr- 
ditions indicated. 
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Pig, 12 Eumpler transoceanic flyin^oat. The effect of 
a change in the design on the take- off resis- 
tance . 
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